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PREFACE

The Quarterly Surveyor Project Review was conducted at JPL

on 27 and 28 August 1963 for members of the NASA Office of Space Sciences

and JPL senior management. The Review was presented by representatives

of the Centaur Project, the DSIF, and the SFOF, and members of the Surveyor

Project staff.

This document, based on the slides presented and materials

discussed and referred to at the Review, is published as an aide-memoire

for participants in the Review. One other document, the Surveyor Project

Status Report (Biweekly) as of 26 August 1963, contains material discussed

in the Review, but is not reprinted here.

W. E. Giberson

Surveyor Project M_mager
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PROGRAM CHANGES UNDER LeRC MANAGEMENT

i. COMPREHENSIVE GROUND TEST PROGRAM

e. DIRECT ASCENT TRAJECTORY PROFILE

3. LINEAR SHAPED-CHARGE SEPARATION AND JETTISONING SYSTEMS

4. LIQUID HELIUM GROUND CHILL

5. SMALL L0X TANK ON CENTAUR

6. 165 K ENGINES ON ATLAS

7. IMPROVED PROGRAMMER

8. LOW THRUSTING MODE DURING COAST

9. NO VERNIER SOLO ON ATLAS
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STAGE

ATLAS

CENTAUR

(DIRECT ASCENT)

CENTAUR

(PARKING ORBIT)

PERFORMANCE

GROSS WEIGHT,
LB

263,243

56,486

EXPENDABLES,
LB

247,513

29,880

36,160 29,316

DIRECT ASCENT

PARKING ORBIT

PAYLOAD,
LB

2299

2229

AV,

_/SEC

I1,625

23,225

23,175
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CENTAUR-SURVEYOR INTERFACE ACTIVITIES

I. SPECIFICATION DEFINITION

II. DESIGN REVIEW OF INTERFACE HARDWARE

(a) SURVEYOR DESTRUCTION UNIT

(b) ELECT DISCONNECT

(c) SEPARATION LATCHES

(d) SURVEYOR TEMPERATURE CONTROL ON PAD

(e) TFIEMETRY REQUIRED BY SURVEYOR

III. JOINT TEST PLANNING

(a) MATCH MATE -

(b) AIR CONDITIONING

(c) SEPARATION

(d) COMBINED SYSTEM TEST

(e) JOINT OPERATIONAL COMPATIBILITY TEST
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i. Receiver and Exciter

DESIGN STATUS

August 13, 1963

Prototype modules are being received from Motorola and are being checked
out, modlfiedwhere necessary, and released for production. 14 modules

out of 65 have been frozen and released for production. It is expected
that all modules will be released by January I, 1964. The mechanical

package is being finalized, and a woodenmockup of the modules is being

built to provide interference and cable length design data.

The feasibility model of the sum channel is being tested at the present

time, and within a month the telemetry channel will be tested. Prelim-

inary results indicate that the required characteristics have been
demonstrated.

The block diagram for the test receiver/transmltter has been completed,

and detailed design at Motorola will begin within a month.

2. Transmitter

e

The design is essentially cemplete. Only mlnor modifications of wave-

guide switches are being made. The design being used for the Canberra

and M_irid stations is an evolution of the transmitters now in use in
the DSIF.

Ranging

The paper design has been completed for the GSDS ranging system. (The
feasibility model w_s demonstrated approximately one year ago0 All
subassemblies have been built, and 80% have been checked out. The
complete unit will be tested in October, 1963.

4. Tracking Data Handling

The Tracking Data Handling has been GSDS for a number of years. One

major addition has been the time and frequency reference assembly. This

contains precision oscillators and frequency synchronizers. Design work

on this assembly is about 50_ complete.

5. Station Instrumentation

The Digital Instrumentation assembly design is approximately 95% complete.
Minor interface equipment for display and control purposes is still in
the design phase. The prototype Digital Instrumentation assembly was
placed in operation in early 1963.
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Design Status Brief August 13, 1963

6. Antenna Mechanical

The status on the various antenna design modification is as follows:

a. Electronics Cage

Essentially complete. A full size mockup is being built to facilitate

mechanical placement of antenna mounted equipment and cable and wave-

guide routing.

be Counterweight Cage

Design is about 85_ complete. Approximately I0_ spare volume for

additional weights is being allowed.

c. Environmental Equipment

Design is complete and parts are being ordered. The design utilizes

standard commercial parts.

d. Antenna Modified Design

Design work on modifications to permit additional hour angle coverage

will be initiated by Blaw-Enox on September l, 1963, the scheduled

date for contract execution.

e. Low Speed Antenna Drive

The paper design including stability criteria is complete and will be
submitted for design review in September, 1963.

7. Antenna Microwave

The basic mechanical layout is almost complete. A one-quarter scale

mockup of both the Cassegrain cone and electronics cage are being used

to assist in mechanical design areas.

The basic microwave switch to be used throughout the subsystem will be

evaluated in September, 1963. The basic prototype feed is presently

available, but an improved feed is being worked on under subcontract to

H_hes Aircraft. It will embod_ higher efficiency and lower noise than

the present feed. It is about 33_ complete. A decision will be made at

a later date as to which feed will be used as GSDS. The modal design

of the microwave switching circuitry is belngworked on and the design

is about 40_ complete.

The basic T_M structure for the maser system has been designed and is under

order from Airborne Instrument Laboratory (AIL), and the magnet design will

be furnished byAIL. The basic CCR problems have been solved. Initial

tests of the maser assembly with the receiver front end indicated a

_2
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Design Status Brief August 13, 1963

spurious frequency generation problem between the maser pump klystron and

the receiver local oscillator. This has been subsequently eliminated with

a filter. The maser system will be integrated into the microwave assembly

during the latter part of 1963.

Several changes may be incorporated in the microwave subsystem block

diagram. For the most part, these involve changes in modes and additional

facility for testing. These changes will undergo a design review in

September, 1963.

8. Mission Monitor Console

Design work in this area is about 30% complete.

9. Acquisition Aid

The basic acquisition aid feed design has been completed, and a prototype

is being built. The basic design areas to be proven include the micro-

wave switching and antenna control transfer from the acquisition feed to

the high gain feed. Prototype tests will be conducted at Goldstone in

November, 1963 provldin@ a receiver can be made available.

i0. L to S Conversion

The L to S conversion equipment is very similar to the S-band equipment.

Drawer type construction is beir_ used. All preliminary layouts have

been completed. The design is approximately 95_ complete, but the proto-

type must be built. It has been decided to remove the frequency synthesizer

capability from the L to S system.

ll. Telemetry and Command Data Handling

This area is mainly a spacecraft systems responsibility. Surveyor and

MA-C interface tests will be conducted in early 196_.

Recording

FR-700 capability is approximately 95_ complete with test, monitor, and

down-converter yet to be finished. FR-14QO and FR-IOO design is complete.
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A. Overall Science Program

Surveyor Science Review

August 27, 1963

B,

1. Payload Redirection
2. Schedule Constraints

3. Resource Constraints

4. Non Payload Instrument Status

5. Mission Operations

6. Experimenter Meeting

7. Experimenter Agreement

System Activities

8. Instrument Integration

9- Data Handling

C. Status of Experiments

lO. Alpha Scattering

ll. Seismometer

12. Surface Sampler

13. T.V.

14. Micrometeorite Detector

15. Touchdown Dynamics

16. Field Trip Film
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SURVEYOR BLOCK I

FY 64 BUDGET

ACTIVITY

Project Management

Instruments

Seismometer

Soil Mechanics

X-Ray Diffractometer

Alpha Scattering

TV

Surface Sampler &Processor

Surface Density

Science System A_tivitles

Science Instrument Support

System Integration

Planning and Scheduling Support

Reliability and Quality
Assurance

Operational Support Equipment

Science Data Handling

Average
Personnel

5.0

3.5

5.2

7.3

7.4

11.6

4.1

.6

1.0

2.0

1.0

1.0

1.2

2.5

TOTALS

7/_8/63
53.4

In-House

103

53

78

i18

llO

191

58

iI

17

37

19

17

24

40

876

Procurement

54

201

699

493

451

768

157

22

6

3O

•78

17

14

122

3112

Total

157

254

777

611

561

959

215

33

23

67

97

34

38

162

3988
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2.

3.

@

5.
6.

@

8.

Objectives

Responsibilities

Experiment Description
a. Rationale

Schedules

Specifications

Instrument ion

Procurment

Integration

a@

b.

Tests

a.

b.

Functional

TAT & FAT

c. Systems

Operations Requirements

a. Data Processing

b. Display

| 9- Post Flight Data Analysis
a. Release of Data
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SURVEYOR ALPHA SCATTERING FUNCTIONAL SPECIFICATION

EXPERIMENT OBJECTIVES

1. Perform elemental analyses of lunar surface material.

Z. Assist in determining the nature and origin of the lunar material.

.

Z.

,

The analyses are accomplished by:

Identifying the mass numbers of elements present in the lunar

material, by means of the energy spectrum of scattered alpha

particles.

Additionally identifying certain lighter elements in the lunar material

by means of the energy spectrum of protons emitted in alpha-proton

nuclear reactions.

Determining the absolute abundances of elements in the lunar material

by means of both of these spectra.

Alpha Scattering Instrumentation

In operation, alpha particles from a radioactive source bombard the

sample. Some of the particles scattered from nuclei within the sample

strike the surface of a small semiconductor detector placed at a high

scattering angle. The amplified pulses from the detector are proportional

to the energies of the incident alpha particles. The pulses are analyzed

electronically and converted to digital representations of the energies.

The digital numbers are telemetered to earth and decoded to reconstruct

the energy spectrum of the scattered particles. The mass numbers of the

nuclei within the target sample, as well as the abundances of these nuclei,

can be determined from the energy spectrum.

The characteristic, stepped shape of the energy spectrum corresponds

to the shape calculated from formulas for the stopping of charged particles.

The high-energy cutoff is characteristic of the mass of the scattering nuclei.

The intensity is mainly a function of the nuclear charge on the target nuclei.

Resonant scattering effects result in enhanced intensities for certain lighter

nuclei, including carbon and oxygen.

The analytical information contained in a complex spectra consists of

the identification of elements from the position of breakpoints, and the deter-

mination of elemental abundances from the differences in height between

plateaus.



A separate detector-analyzer system is used to obtain the energy

spectrum of the protons. The proton detectors are covered with thin

foils to stop scattered alpha particles, while allowing the more penetrating

protons to pass. A separate 128 channel pulse height analyzer, amplifiers,

and readout equipment is provided for the proton analysis. While the

cross-sections for alpha-proton reactions are generally lower than those

for alpha scattering, the potential analytical information contained in the

spectrum is great because of its characteristic shape.

The elements detected by the alpha system include all elements with

atomic number 5 (boron) or greater, and which exceed one per cent by

weight in the sample.

The proton system is capable of analyzing lithium, boron, nitrogen,

fluorine, sodium, magnesium, aluminum, silicon, phosphorus, and sulfur.

Analysis of multicomponent samples is obtained by comparing the

spectrum with standard spectra of individual elements and Obtaining the

best fit. This is based on a least squares criterion, using a computer

program developed for the 7090. The alpha and proton data are combined

analytically to provide automatic cross-correlation of the two types of

into rmation.
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SURVEYOR SEISMOMETER FUNCTIONAL SPECIFICATION

EXPERIMENT OBJECTIVES

Seismic activity - number, magnitude, and spacial distribution of

natural moonquake s.

Background noise level - spectrum of the background noise, correl-

ated with thermal and other (including spacecraft) sources.

Effect of temperature on lunar surface materials.

Elastic properties and structure:

near-surface - from body waves and short period surface

wave s ;

at depth - from body waves, intermediate-period

surface waves, free oscillations, and tides.

Internal constitution - internal damping or Q, density versus depth,

temperature versus depth, type and state of lunar material versus depth.

Distribution of meteorite impacts - number and energy released;

(dependant upon the ability to discriminate between impacts and moon-

quake s).
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SURVEYOR SOIL MECHANICS FUNCTIONAL SPECIFICATION

EXPERIMENT OBJ EC TIVES

.

Z,

.

Identify the lunar surface model in terms of materials and

configurations.

Determine the mechanical properties of the lunar surface material

in terms of modulus of elasticity, for rock-like materials, and

rupture, yield, or shear strength, for soil-like materials.

Identify the mechanical properties of each layer of surface material,

if the model consists of more than one layer within the depth of

investigation of the instrumentation.

Lunar surface models may be categorized in terms of continuous or

discontinuous materials. Continuous materials are rock-like, either

incompressible or compressible, and may be porous.

Discontinuous materials are granular or soil-like. They may be

cohesionless in which no intrinsic force exists between particles, and

stresses at points of contact result from external forces only, such as

gravity and surface structure. An adhesive soil may result in a medium

in which particles adhere to one another. In a cohesive soil, particles

attract one another, and may adhere at points of contact; stresses at

contacts are a net result of external compressive and intrinsic attractive

forces. Finally, a repulsive soil may exist, in which a net repulsive force

exists between particles from external compressive and intrinsic repulsive

forces.

Particles in these granular soil models may be of any shape. It is

likely that the size of the cohesive and repulsive soil particles will be

small, on the order of micron s or less. Cohesionless and adhesive soil

particles may be of any size.

With respect to configuration, soil models may be divided into three

groups; homogeneous, layered, or heterogeneous. Homogeneous models

include both continuous and granular material, such as uniform rock or

soil within the area tested. Layered models include various layering

of continuous and/or granular material. Heterogeneous models are composed

of random mixtures of continuous and granular materials, such as soil

interspersed with fragments of sotid rock.



I

I
I

I
I

I

I
I

I
I

I
I

I
I

I

,I
I
I

I

lo

Z.

3.

1.

Z.

3.

Lunar soil mechanics experiments include:

Visual observation of the interaction between the spacecraft (including

landing pads, crushable structures, etc.) and the lunar surface.

Visual observation and qualitative monitoring of the response of the

lunar surface to stress or' energy applied by-spacecraft instruments.

This includes radiational, chemical and mechanical energy. Because

of characteristic material behaviors, information on the nature of

the surface, and qualitative mechanical properties, can be deduced

from these experiments. Mechanical tests include touching, prodding,

or scraping the surface with visual observation; or, dropping projectiles

and/or firing jets at the surface and observing bouncing and cratering
behavior.

Visual observation and quantitative measurements of .the response of

the lunar surface to static penetration, static shear, and dynamic

penetration. Included in this category are: application of a known

load to a bearing plate, or point, and measuring surface penetration;

measuring the shear load, normal load, and surface penetration of a

shearing devicg determining the deceleration-timehistory of an

instrumented projectile; and, drilling into the lunar surface with a

known load, and measuring penetration versus time.

Instrumentation for the soil rnechanics experiment includes :

Surface sampler, preferablyinstrum_nted for static and dynamic

measurements. For initial Surveyor flight missions, it is preferable

to explore the lunar surface in the vicinity of the spacecraft, in as

many locations as possible. Consequently , the surface sampler is of

potential soil mechanics value, and will be instrumented as follows:

a. azimuth and elevation displacement readout of scraper position

with an accuracy of + O. 1 inch at or below the surface, and 1.0
inch above the surface.

b. strain gauges to measure horizontal and vertical forces applied

to the surface in the 0. 1 to 30 psi range, as the scraper is

pulled toward the spacecraft.

c. accelerometers mounted on the scraper blade, sensitive in the

0 to 50 G, and 0 to Z000 G ranges, for deceleration-time history

measurements when the sampler is used as a pick.

d. stripe or gridwork markings on the observable surfaces of

the scraper, to measure depth of penetration, grain size, and

soil level in the bucket, by television observation.

Bearing plates for static penetration measurements, with or without a
shearing device.

Accelerometers or drop penetrometers to measure the mechanical
properties of the impacted surface, by the deceleration-time behavior

of the projectile.
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SURVEYOR TELEVISION FUNCTIONAL SPECIFICATION

EXPERIMENT OBJECTIVES

General:

lo Obtain pictures during the approach-descent of the spacecraft to the

lunar surface to determine the position of the landing site and improve

the knowledge of the topography and geology in the area immediately

surrounding the landing point.

2. As principal function, survey the vicinity of the landing point.

. Monitor the operation, on the lunar surface, of instruments carried

by the spacecraft.

Detailed:

Lunar Approach Pictures

lo Identify the landing point in lunar coordinates and correlate with

existing information, maps, and photographs of the moon.

_o Relate the landing point to known positional features observed in the

approach pictures.

. Provide a general concept of the geology and topography in the vicinity

of the landing site.

. Relate the differential photometric information from the approach

pictures with terrestrially obtained information.

. Reveal details, and extend measurements of lunar surface relief and

photometry by providing photographic information of higher resolution

than is possible from earth.

. Aid in optimizing the sequence and interpretation of the lunar survey

pictures.
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2.

3.

4.

5.

6.

7.

i.

2.

3.

4.

5.

Lunar Survey Pictures

As primary function, provide panoramic photographic information

of the visible lunar terrain in the immediate vicinity of the spacecraft,

up to and including the local horizon.

Provide measurements of feature size, shape, and range, through

photogrammetry.

Produce topographic or form-line maps of the observable vicinity of

the spacecraft, for use in interpreting the geologic features.

Provide photometric, colorimetric, and polarimetric measurements

of selected regions of the visible lunar surface, to aid in differentiating
the observed features.

Provide information on the relation between photometric, colorimetric,

polarimetric measurements and feature size and range.

Observe the lunar surface features at different angles of solar illumina-

tion to assist in differentiating and correlating the visual information,

in identifying the lunar surface features, and in enhancing the topogra-

phic measurements.

Accurately locate the spacecraft lunar landing site by stellar position
measurements.

Observation of Instruments

Monitor the operation of the scientific instruments.

Assist other Experimenters during instrument operation and the

interpretation of data.

Obtain photogrammetric {object size, shape, and range), photometric,

colorimetric, and polarilnetric measurements in the areas disturbed

by instrument operation.

In cooperation with the Soil Mechanics Experimenter, investigate

details of lunar surface response to applied stress, by evaluating

pictures taken before and after instrument operation.

In cooperation with other Experimenters, relate mineralogical and

chemical analyses to lunar surface properties ,&hich have been

distinguished by the television experiment in areas sampled and tested

by these instruments.
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o Extend these analyses to visible areas beyond the sampling range of the

spacecraft; in particular, relate the properties of the analyis area with

visual properties of the lunar surface, as displayed on topographic and

geologic maps.
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SURVEYOR MICROMETEORITE FUNCTIONAL SPECIFICATION

EXPERIMENT OBJECTIVES

1. Measure the number, mass, speed, and trajectory of individual

micrometeorite and ejecta particles at the lunar surface.

Z. Discriminate between primary micrometeorite particles impacting

the lunar surface, and ejecta particles thrown out by the impact.

3. Evaluate the influx rate of interplanetary material on the lunar surface.

4. Evaluate the enhancement of the primary influx rate by the ejecta

phenomena at the lunar surface.

5. Recognize and study ejecta from a single micrometeorite impact

event by measurements of time and trajectory relationships between

individual ejecta particles.

6. Assist in the study of the nature of the lunar surface, as determined

by the interaction between the surface and the impacting particles.

7. Contribute to the study of the evolutionary processes of the moon.

8. Investigate the contribution of lunar ejecta material to the dust

distributions in interplanetary, cis-lunar, and near-earth space.

9. Evaluate the hazard confronting manned and unmanned explorations

of the lunar surface.

Micrometeorite Ejecta Detector Instrumentation

Two sensors, placed on opposite sides of the spacecraft with axes

elevated 30 degrees with respect to the horizontal, measure the momentum

and velocity of dust particles. Each sensor consists of a front film matrix,

a rear film matrix, and an impact plate.

Both film matrices are formed by a dielectric which separates multiple

rows of conductive material on one side from multiple columns on the other.

The front film is suspended at a distance from the rear film, vahieh is

bonded to a dielectric and mounted on the impact plate. An acoustical

transducer is mounted on the rear of the impact plate.

When a particle passes through the front film, two signals are generated.

These are of opposite polarities and correspond to £he row and column at the

point penetrated by the particle. The same signals occur at the rear film,

thus determining the particle radiant within the sensor. The signal from
the front film starts a clock,_hich is stopped by the signal from the rear film.
Thus the time of flight is measured and the velocity determined.
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The amplifier forthe acoustical detector has a voltage gain of

approximately i05, with an output signal which is proportional to the

particle momentum. Pulse height analysis takes place over six decades

of momentum, and is stored until readout. The pulse height analysis is

divided into 14, logarithmically spaced windows in the first four decades.

The remaining two binary states correspond to the two decades of momentum

sensitivity at the high endo_ the scale. The design goal for momentum
sensitivity threshold is i0 dyne seconds.

The sensors are calibrated on command by impulses which simulate

film penetration locations, time of flight, and impact. In case a short

circuit occurs between the front and rear conductor of any film, a matrix

clear command is provided.
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26 August 1963

GV:hr

Major items contributing to changes in basic bus weights:

27 July '62 to 7 September '62

No major items

T September '62 to 21 September '62

21 September '62 to 5 October '62

(659.8)to (659.21)

(659.21)to (659.21)

(659.81)to (656.1o)

Recalculation of unus&ble propellant requirements.

5 October '62 to 19 October '62

19 October '62 to 2 November '62

Actual weight of Canopus sensor
Electronics

Wiring haA-ness--re caleulat ion

Vernier en_ne system hard.re

2 November '62 to 16 November '62

Main retro ease--

(656.10) to (656.10)

(656.10 to (660.56)

(+.55)
+1.55)
+1.7o;
(+.66)

(660.56)to (651.o6)

remove excess material (-1.80)
remove portions of internal insulation (-4.00)

elonre from steel to ab. i-3.70)

16 Noven_er '62 to 30 No.tuber '62

30 November '62 to 14 Deceu_er '62

No m_or items.

14 December '62 to 28 December '62

28 December '62 to 11 Jamm_ '63

11 J_ '63 to 25 Jamm_ '63

No m Jot Item.

25 Jammry '63 to 22 February '63

(651.o6)to (651.o6)

(651.o6)to (651.2o)

(651.2o)to (651.2o)

(651.2o)to (651.2o)

(651.8o)to (651.78)

(651.78) to (651.78)

-.59

.0

-3.1o

.0

+4.46

-9.50

.o

.0

7o
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26 August1963
_:hr

Basic bus weights -

22 February '63 to 22 March '63

Spacecraft vehicle

wiring harness-based on a_tual
and revised T-21 calculations

vernier tank insulation
vernier engine #2 heat collector
w_in retro insulation removed

(65z.78)to (654.14)

(+z.zS)
(+ .97)
<]+.78)
(-z.zo}

Z2 _rch '63 to 19 April '63 (654.14) to (654.49)

Flight control sensor group

increased stiffness to meet vibration (+.35)

19 April '63 to 17 May '63

Flight control - Canopus sensor
electronics

Electronics - transmitters A & B

AMR

Spacecraft vehicle -
- installation hard_m_e

TV_ an_He tank

- wiring harness

Propulsion - d/sconnects added
- thrust chamber'

(654.49) to (659.08)

(+.2)
(+.34)

(+.78)
(+.mr)

(+l.o9)

(+ .z6)

(+l.lO)
(+ .z4)

17 May '63 to 21 June '63 A-21

Electronics

- RADVS

Mechanisms

- antenna/solar panel positioner
75 ST instead of 6061

Spacecraft vehicle

- al. honeycomb foot pads

- wiring harness
- vernier solenoid wire

size

- ECU shielded twisted

_airs
- Coax for TV

-RADVS wire shieldlng

Main retro

- actual _ight a_ustment
- insulation

(659.08) to (666.32)

(+z.o2)

(-l.'lO)

(+l.14)

(+ .6o)

(+leO6)

(+i.i0)

+2.36

+.35

+4.59

+7.24

71
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Basic bus weights -

21 June '63 to 26 July '63 A-21

omni antenna boom

act. vs. est. weight--electronics

21 June '63 to 26 July '63 A-21A

omni antenna boom
act. vs. est. weight--electronics

Comp. A wire severing device

Anticipated

26 July '63 to 26 August '63

FCSG vibration test fix

RADVS

Battery vibration test fix

Vernier 3-way valve
Main retro nozzle

Harness

A-21

Anticipated

26 July '63 to 26 August '63 A-21A

FCSG vibration test fix.

RADVS

Battery vibration test fix

Vernier 3-way valve

Comp. B in transit thermal
Main retro nozzle

26 August 1963

GV:hr

(666.32) to (667.66)

+i.18)
+ ._8)

(666.32)to (668.46)

.4B)
(+ .8o)

+1.3_

+2.14

(667.66)to (68o.io)

+1.15)

2.7o)
+2._)
(+2.oo)

+:].Z.44

(668.46) to (680.80)

(+1.15)
(+3._)
(+ .5o)
(+2.7o)
(+2.7o_
(+2.oo}

+12.34

72
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T-2 TEST PROGRAM

Test Vehicle

Modified frame, lunar-g scaled

Vernier engine system

Flight control group (prototype radar and electronics)

Power source

Recovery system (parachute, airbag)

Test objectives

I. Dynamic test of final portion of vernier descent phase including

touchdown, near simulation of lunar conditions.

2. Determine ability of vernier engine system and attitude reference

system to maintain attitude in dynamic descent.

3. Determine ability of vernier engine system and doppler velocity

sensor to align thrust vector.

4. Determine ability of system to attain touchdown conditions.

5. Gather reliability data.

Engine evaluation tests (AFMI_)

Engine system tests (tether tests and static firings)

Problems revealed

Engine and valve redesign

T-2Hhelicopter tests (Culver City)

RADVS system mountedandflownon helicopter

Improvements indicated
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T-2 static and tether tests (AFMDC)

Static firing, SO July 63: engine performance good

Tether test, 9 August 63: engine performance good, roll oscillation
observed

Tether test (scheduled), week of 2 September 63

Drop test preparations

T-2H testing resumed at _VMDC

Recovery system test and crew training drop, 21 August

T-2 drops scheduled to begin about 12 September

Drop test plans

Test No.

1

2

3

4

5

6

?

8, 9

Objective

Radar functional check

Radar attitude control (vertical drop)

Radar attitude control (non-vertical)

Acceleration control

Velocity control

Trajectory/acceleration loop interaction check

Trajectory control (non-vertical)

Trajectory control, soft landi_
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T-21 TEST PROGRAM

Functional testing: Class III (prototype) hardware.

Altitude marking radar

Central power control

Television

Flight control

RF system

Central signal processor

Engineering mechanisms auxiliaries

Central command decoder

Match/mate testing

T-21 with Centaur adapter, nose fairing, GSE

Mechanical and electrical compatibility demonstrated

Areas of improvement (adapter attachment, GSE design) noted, implemented

Unit upgrade for TAT

Some units downloaded for upgrading (spaceframe included)

Other units replaced

WS-I ("battleship")

Welded pipe frame

Used for continued testing during T-21 frame upgrade

Interface problems indicated
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II.

III.

SURVEYOR

QUALIT_ ASSURANCE

Requirement s

Program Plan

NPC 200-2 Comparative Review

Current Status
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Applicable Documents:

JPL 30240C

Q 98_8

Pro_ect Mana6ement:

Organization

Personnel &

Staffing

Project Quality Plan:

Broa_ Objectives

Surveyor Spacecraft System Design Spec.

The specification establishes the technical

requirements placed upon the contractor in

the development and operation of the Spacecraft

System.

Quality Control System Requirements

This specification requires the establishment

of a Quality Control system by the contractor

to assure that supplies or services meet the

quality standards established by the contract.

JPL Surveyor Project Office

HAC Surveyor Spacecraft Laboratory

Protect the inherent equipment reliability by mini-

mlzing the possibility of errors in:

Procurement

Fabrication

Assembly
Test

Spacecraft Launch
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II. PROGRAM PLAN

Planning

Major Areas

Procedures

Manufacturing Plan

Quality Standards

Milestone Schedule

Prefabrication

Fabrication and Assembly
Test

Shipping and Field Assurance

Quality Assurance Guidelines to satisfy

Surveyor requirements and contractual
commitments.

Receipt, identification, stocking,
issuing of materials.

Fabrication and assembly operations.

Application of statistical sampling.

Product packaging, shipping, storage
and maintenance.

Non-conforming supplies.

Inspection flow charts.

Inspection instructions.

Workmanship standards.

Shop standards.

Supplier provisions.

Quality Assurance Tasks

and



Implementation

Design Review

Method Review

Drawing Change
Control

Component Parts

Program

Procurement Spec
Review

Quality Capability
of Vendors

Purchase Requisition

Screening

Surveillance of

Vendors

Receiving Inspection

Inspection Stamps

Assure that characteristics pertinent to

product quality are considered and appro-

priatelymonitored.

Assure that the methods and procedures utilized

specifically delineate the manufacturing pro-

cesses in a repeatable manner which will pre-

serve the inherent design.

Released through control point.

Qualified parts
Qualification

Selected suppliers

Acceptance criteria

Quality Assurance provision.
Parts identification

Acceptance testing

Material handling

Source inspection requirements

Approved vendor list

Facility survey
Approve Quality systems

Rating systems

Defines Qualityrequirements

Inspection levels

Routing

To assure that Qualityis consistent

with requirements.

In process inspection

Final inspection

Monitoring of calibration schedules

Review manufacturing techniques and process
controls

Documentation of Quality levels

Observance of testing

Failure Reports &Analysis, MRB

To assure conformance with the requirements

of the purchase orders.

Evidence of the inspection status of materials,

processes, parts an_ assemblies.



I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I

Manufacturing Control

Test Surveillance

Calibration of

Instruments

Process flow charts

Assembly instruction

In process inspection requirements

Inspection stations
Performance documentation

Test specification & procedures

Timely certification of measuring and

test equipment traceable to NBS
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III COMPARATIVE REVIEW

HAC Quality Assurance Plan and Implimentation

as Compared to NASA NPC 200-2 Requirements

Compliance Code:

I
Item NPC 200-2

HAC Q.A.
Plan

A = satisfies

B = marginal

C = upgrading

D = not in plan

I
I

I
I
I

I
I

I
I

I
I

I

I
I

Basic Requirement

Quality Program

Quality Program Docu-
mentation

Management

Planning

Organization

Design & Development Control

Design Review

Drawing & Spec. Review

Qualification Tests
Identification

Control of Contractor Procured

Material

Adequacy & Quality
Selection of Procurement

Source

Procurement Documents

Government Source Inspection

Contractor Source Inspection

Receiving Inspection
Identification

Failure & Deficiency Feedback

Supplier Rating & Preferred
Parts List

Coordination of Contractor--

Supplier Measuring & Test

Equipment

Control of Government Furnished

Property (GYP)

Inspection of GFP
Defective GFP

2.1

2.2

3.1

3.2

4.1

4.2

4.3

5.1

5.2

5.3

5.4
5.5
5.6
5.7
5.8
5.9

5-i0

6.1

6.2

i.i

2.2.1

1.0

2.1

2.3
3.0

3.1

3.5

4.0
4.1

4.2

4.4.3
.4.4

4.4.7
4.4.7
4.4.1

4.1

5.7

1

1

A

A

A

A

A

B

B

B

A

A

A

C

B

A
B

B

A

B

D

D



I
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Comparative Review- Continued Page 2.

HAC Q.A.

item NPC 200-2 Plan Compliance Code

Control of Contractor Fabricated

Articles

Conformance Criteria 7.2

Inspection & Test Planning 7.3
Inspection & Test Performance 7.4

Fabrication Control 7.5

Nonconforming Material
Material Review

Approval of Contracting
Officer

Control of Nonconforming

Material

Rework without MRB

Inspection, Measuring and

Test Equipment
Calibration

Calibration Facilities and

Standards

Evaluat ion

Maintenance & Control

Written Procedures

Records

Inspection Stamps

Maintain Stamp Control

5.4 B
5.6 B
5.5 B
5.2 B

8.1 2.6 A

8.2 2.6 A

8.3 2.6 A

8.4 2.6 A

9.2 5.7 A

9.3 5.7 A

9._ 5.7 B

9.5 5.7 A

9.6 5.7 C

9.7 5.7 C

10.1 5.6 A

Preservation, Packing, Handling

Storage & Shipping
Written Procedures ii. i 6.i A

Preservation ii. 2 6.i A

Packaging ll.3 6.i A

Handling ii.4 2.5 A

Storage ll. 5 2.5 A

Shipping ii. 6 6.i A
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I C_ 950056, CON_3ATIVE AIAXXSIS

i Monn_c_uoN _. 6, 8 =_ 15

The following is submitted for purely Inform=tlo=al purposes to

I denote the "growth" of subject costs, are forContract All fisoal entries

the total progrma authorized by e_h of the Modlflcations, all beginning

at 1 March 1963, and, within Nod. #15, excluding all Chaase Orders except

I 2, 6 and ii.

A. IAbor Hours

I Tuk NO. Modificatioa #6 _fic&tion #8 Modification _15

1 189,779 261,123 itl6,123

I 2 60,it57 it9,557 72,5353 185,966 195,862 270,097

it 96,869 123,172 103,5it5

i 5 it50,640 930,250 1,466,9426 112, 86_ 186,592 381,603

7 56,107 5 5,162 81,639
8 97,687 120,303 156,668

I

I

I

I
NOTE:

B.

9 e6_,257 5_6,_ 8_6,280
i0 136,757 176,2_6 ;'Tit,e69

ii 210,910 3_'),106 461,688

12 5,810 i0, 5_6 19,571

13 639,350 1,060,006 1,2it3,615

lit ,52it,360 908,it81 1,028,386

3, o31,813 it ,945 ,it3o 6,0ae,961

* : excludes period i M_reh 1961 thr_aJh Ii M_reh 1962

Labor Cost (includea overhead and LC_ (18bor Corot Variance),

• but excludes O & A expenH ana Fee)

1 $ 2,T28,99k $ it,557,587

I 2 6'ri,9_ _i,oSi3 3,09_,001 3,269,331
it i,56i,89_ i,880,_i

i _ 5,9_3,_ m,o_,3_5i,3_,it63 3,055,735
7 867,9e0 881,it56

8 i,258,it3,t.

I i90 3,itgi,o_1,889,3_
11 2,_85,_r_0

I 12 91,58013 8,689,120

lit

1,6i5,697
6,909,257

3,051,_

_,_
13,620,661
11,87it,T_

Nodli_Ic_tlon #15

$ 5,675,it65
716,99o

3,9o9,615

1,it3it,53_

1it,307,265
it,19_,958
1,012,953
1,629,013

8,303,880

3,3itl,39k

it,it50,Tit7

S8_,860

13,755,630
12,518,itS7

STS,535,T31

i

I



Ce Mlterial (doea mot Im_lu4e O & A elpemse l_r Fee)

Task No. Mo4ift_tiem #6 Mmlificati_m

Page 2 of 4

_ne=ion #1:_
1 47,000 63,156 151,364

2 900 55,776 593,8/1.8

3 --- 339 3,068

4 --. 6,428 4,438
5 2,034,739 3,507,400 4,292,410

6 40,200 211,676 217,981

7 --- 124,79o 108,822
8 33,110 119,558 117,016

9 32,600 491,030 971,487

I0 185,994 1/1,013 261,267

ii 85,000 631,275 898,199

--- 2 823
13 I,621,550 2,977, 69i 2,971,356

14 3791000 7351174 680 t796

4,410,093 9,035,268 ii, 272,835

D. Subcontracts (does not include G & A expense nor Fee)

Ee

Task No. Modification #6 Mo_ificatlon _ Modification #15

1 --- 17,970

--- 33 .?o
ipelel • " " ' " '

4 _eii llm

5 2,560,000 5,033,414

6 940,500 1,457,962

7 5,306_900 9_183,
8 686,000 755,901
9 179,500 975,638

i0 189,9_ 422,198

ll 171,000 571,730
12 ......

13 75,000 487,425

14 !a412, 500 2,293,266

Ill

Ill

6,578,200

1,943,184

12,136,133

848,340
450,383

456,340
143,634

188,953
1,804,478

ii, 521,354 21,534,182

Travel (does not include G & A expense nor Fee)

24,549,645

I

!
I

I

I

I

I

I

!
I

I

I

I
i
i Task.o. _=U_ioatl= _. V=U_l_atio._ Modifio_tlo_#1_5

i i 85,278 14,220 70,788
3 28,810 25, ll4 26,520
4 117,590 103,864 40,881

I 5 8,578 _0, e6_ 65,305
6 7,140 14,737 33,041

7 61,200 80,0_7 110,694

I 8 22,950 33,902 36,_859 15,687 3_,9_5 60,545
i0 22,140 24,116 28,117

11 14,760 17,281 9,801I 12 10,613 23,200 34,936

" 1_ 139,376 206,355 Z37,124_ 708,735
I i,e17,_30 i,523,899 i,_62,972

IP-O



I
F.

I

| Tas__/k_o__=Modification#6 _U_Icatlon#8

2 2.oo

_ _ 409;;0
18,500 15,500

2OO
iO,000 9,000

I 109 6,500_,ooo 8,_
I

i 14 ,, 95_ 000 317,400
381,065 981,780

i G. Other

Task No. Modific tion #6 Modification #8

i ! 3,220

2,100
5,000

13 2-1_;18 610_;89 '

I 14 1381588 226,186

159,906 850,895

I H. Task Totals (does not include G & A expense nor Fee)

Task No. --M_-ification _6 Modification _8

1 2,861,272 4,656,153
I 2 673,884 972,387

I 3 3,1_,811 3,_94,78_1,679,484 1,991,113

5 i0,604,246 21,036,523
2,330,803 4,760,610

7 6,236,020 10,269,801
2,010,11.92 2,536,558

| _°_ 3,'r_,3o9 8,,,_o,8To
2,252,432 3,318,151

2,668,6S0 5,S99,_3
11

12 119,19_3 335,670

z3 lO,596,36_ z8,o96,876

l
58,855,56& 101,601,573

Page 3 of 4

Special Tools and Test Equipment (Does not include G & A expense nor Fee)

Modification #15

Ill

1,042

206,073

672,959

143,685

323
17,390

360,588

9,338

34,319

295
57,377

2o3,89_

i,7o7,288

Modification #15

llm

18,119

14,225
--ll

lll

6,400

19,425

3,60o

III

214,981

3281179

614,120

Modification #15

5,906,808

1,311,880

3,939,203

1,704,0_5

25,930,364

6,532,849

13,368,925

2,6_,6_
I0,166,308

4,100,056

5,536,7oo
320,914

17,_25,421

16,2_,474

i15,Z42,591 la.l



re Summ_ of above (does not include Fee)

Element Modification #6 Modification

Page 4 of 4

Modification #15

I

I
I

I
I

I

Labor Hrs. 3,031,813 4,945,430 6,822,961

Labor Cost $41,165,716 $67,675,549 $75,535,731

Materials 4,410,093 9,03 5,268 ll, 272,835

Subcontracts 11,50-1,354 21, 53_, 182 24,549,645

Travel i,217,430 i,523,899 i,_62,972

ST & STE 381,O65 981,780 1,707,288

Other 159,906 850,895 614,120

Mfg. Cost $58,855,564 $i01,601,573 $Ii 5,142,592

G & A 4,508,112 8,851,641 10,602,853

Total (less Fee) $63,363,676 $11o,453,e14 $125,745, _d_5

With reference to Modification No. 15, all of the above data comes from

the Cost Proposal as received on ll March 1963. Paragraphs J and K

below compare Mod. #15 data as Proposed and as Negotiated.

J. Task Totals (does not include G & A expense nor Fee)

I

I
I
I

I

I
I
I

Ke

5,906,808 5,902,809
1,311,880 1,312,630

3,939,203 3,927,897

1,704,0_5 1,693,787

25,930,364 26,978,738

6,5_, 8_9 6,475,368

13,368,925 13,428,966

2,6_, 6_4 2,501,817

10,166,308 9,757,343

4,100,056 _,i08,162

5,537,700 5,377,'263
3e0,914 317,453

17,425,47-I 17,224,234

16,21_,47_ 16.098,619

I15,142,591 ]-15,105,086

1

2

3
4
5
6

7
8
9

i0

ii

12

13
14

IIIS_, by Element of Cost (d_es not include Fee)

Element Modlfication#l_Proposal

Labor Cost $75,535,731

Materials 11,272,835
Sul_contracts 2_,@t9,6it5
Travel 1,462,972

ST & S_ 1,707,288

Other 614,120

I MrS. Cost $115,1_, _2
G & A 10,602,853

Mod/fication #15

$75,661,489
11,200,836
24,60A,439

1,234,802
1,797,379
606,1_i

$115,1o5,o86
10,599,359

i _tal (lessF_) _5,7_5,_5 _5,7_,_5

I

Negotiated

To the Mo_. #15 Ne_ptiated Totals, mnst be aade_ the costs of all Change
Orders e_cept 2, 6 am_ 11.
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